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(54) METHOD FOR CLEANING SURFACE OF SUBSTRATE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for highly efficiently cleaning a substrate, by 
which both of a particle-shaped contaminant and a metallic contaminant can be removed in a 
short time while extremely reducing the occurrence of such a problem that the removed 
contaminants are stuck to the substrate again and the processed dimensions of the substrate 
are deformed by etching. 

SOLUTION: This method comprises at least two following steps (1) and (2). The second 
cleaning step (2) is carried out after the first cleaning step (1). In the first cleaning step (1), the 
surface of the substrate is cleaned by using a complex forming agent-containing alkaline 
detergent. In the second cleaning step (2) the substrate is cleaned by using another detergent 
having 0.03-3 wt.% hydrofluoric acid content C for <45 seconds cleaning time t while satisfying 
the inequality: 0.25<tC1.29<5. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by connputer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A substrate face cleaning method which performs a process (2) after performing a 
process (1) including the following processes (1) and processes (2) at least. 
A washing process which washes a substrate face with a process (1) complexing-agent content 
alkaline detergent. 

A washing process where whose washing time t of a substrate by this detergent (second) is 45 

1 9Q 

or less seconds, and C and t have a relation of 0.25 <= tC <=5 using a detergent whose 
process (2) fluoric-acid content C (% of the weight) is 0.03 to 3 % of the weight. 
[Claim 2]The substrate face cleaning method according to claim 1, wherein a complexing agent is 
a compound which has nitrogen, a carboxyl group, and/or a phosphonic acid group which are 
donor atoms. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]In the process of manufacturing a semiconductor device, a display device, 
etc., this invention is a cleaning method for washing the substrate face for devices. Both the 
metal which is a contaminant on a substrate, and particles (particle) are removed in detail for a 
short time, and it consists in the cleaning method of the substrate face which defecates a 
substrate face highly. 
[0002] 

[Description of the Prior Art]In the manufacturing process of semiconductor devices, such as a 
microprocessor, a memory, and CCD, and flat panel display devices, such as TFT liquid crystal. 

Pattern formation and thin film forming are performed to substrate faces, such as silicon (Si), 
silicon oxide (Si02), and glass, with the submicron size. And when manufacturing these, it is a 

very important technical problem to reduce contamination [ minute amount / substrate face / 
this ] in each process of manufacture. 

[0003]Also in contamination, since especially metallic contamination and particle contamination 
reduce the electrical property and yield of a device, after reducing this as much as possible 
within the process which contamination generated, it is necessary to move a substrate to the 
following process. Generally washing a substrate face with a detergent is carried out to removal 
of contamination. In device fabrication in recent years The superiors for the substrate treatment 
number of sheets per unit time, Much more productive-efFiciency-ization is demanded and a 
cleaning method excellent in the removal nature of the both sides of the metallic contamination 
of a substrate face and particle contamination which defecates a substrate face highly promptly 
is desired in manufacture of the substrate which has a device which is in minuteness making and 
a high integration tendency increasingly. 

[0004] Generally, it is known that washing by an alkaline solution is effective in removal of 
particle contamination, the Si substrate for semiconductor devices, and a Si02 board — being 

certain — it is and alkaline aqueous solutions, such as an aqueous ammonia solution, a 
potassium hydroxide solution, tetramethylammonium hydroxide solution, are used for the surface 
washing of the glass substrate for display devices. Washing (it is called "SC-1 washing" or "APM 
washing") by the detergent (it is called "SC-1 detergent" or an "APM detergent") which 
consists of ammonia, hydrogen peroxide, and water is also used widely. 

[0005]On the other hand, it is known that washing by aqueous acids is effective in removal of 
metallic contamination. The Si substrate for semiconductor devices, the Si02 board, and a 

certain thing that was and diluted acid, such as chloride, nitric acid, sulfuric acid, and fluoric acid, 
with water for washing on the surface of a glass substrate for display devices are used as a 
detergent. Washing (it is called "SC-2 washing" or "HPM washing") by the detergent (it is called 
"SC-2 detergent" or a "HPM detergent") which consists of chloride, hydrogen peroxide, and 
water is also used widely. 

[0006]In order to remove the both sides of the particle contamination and metallic contamination 
of a substrate face, washing by two or more steps is made combining these washing. As a 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.i... 2008/07/25 



JP.2003-088817,A [DETAILED DESCRIPTION] 



2/19 ^— V 



contamination cleaning method of the substrate face for semiconductor devices, Particle 
contamination is removed by SC-1 washing and what is called RCA washing (Kern and Puotinen: 
RCA Review, pp. 187-206, June (1970), etc.) that removes metallic contamination by SC-2 
washing continuously is used widely. In order to remove the metallic contamination which carried 
out the chemical bond to Si of a substrate face, or Si02 firmly, or the minute amount metallic 

contamination incorporated into the inside of a substrate surface, It is effective that fluoric acid 
content etches the surface of a substrate with the rare-fluoric-acid solution (it may only be 
hereafter called "rare fluoric acid".) which is about 0.25 to 1 % of the weight. Since especially 
aluminum (aluminum) and copper (Cu) react to Si of a substrate face, or Si02, and it is easy to 

make a firm chemical bond and it easy to be incorporated also near the surface of a substrate, 
The method of etching a substrate surface for defecating a substrate face, and removing these, . 
The most effective thing is Toshiaki Kon et al. (Morinaga et al., The ElectrochemicalSociety 
Proceeding Series PV99-36, pp.585-592, Pennington, NJ (2000) etc.). Therefore, the high clean 
surface can be acquired by performing washing by rare fluoric acid between SC-1 washing and 
SC-2 washing after SC-1 washing or SC-2 washing, and washing a total of three step stages. 
Since the washing process per step generally takes 1 to 15 minutes to the cleaning method 
which consists of these two steps or three steps, it is total and requires tens of minutes. 
[0007]There are two kinds of typical things as a device which washes the substrate face for 
devices. One side is a batch type washing station which dips and washes two or more substrates 
accommodated in the cassette in the cleaning tank which usually collected the detergent. 
Another side is a single-wafer-processing washing station which covers a detergent over a 
substrate face, equipping an electrode holder with one substrate and usually rotating a substrate 
(if there is a substrate by the shape of a disk, it will rotate to a circumferencial direction). Its 
device is large while a batch type washing station has much substrate treatment number of 
sheets per unit time. It has problems, like generating of the contamination reattachment (cross 
contamination) between what is called substrates that the contamination desorbed from the 
device formation surface of a substrate or its rear face carries out the reattachment to another 
device formation surface, and a lot of [ to accept one sheet and wash ] detergents are needed. 
[0008]On the other hand, a single-wafer-processing washing station has a small device, and 
while there is no cross contamination, in order to wash one sheet at a time, there is a problem 
that there is little substrate treatment number of sheets per unit time. 
[0009] 

[Problem(s) to be Solved by the Invention]In the cleaning method of the conventional substrate 
face, as point ** was carried out, the substrate face was highly defecated with the cleaning 
method of SC-1 washing, SC-2 washing, or the plurality that includes rare-fluoric-acid washing 
etc. further which carries out a step owner. Therefore, there was a problem said that washing 
time is long and productive efficiency is bad. In the single-wafer-processing washing station 
which washes especially one substrate at a time, since there was little substrate treatment 
number of sheets per unit time per device, many washing stations were needed, and there was a 
problem referred to as disadvantageous by a cost aspect. 

[0010]While usually carrying out washing processing for about 1 to 5 minutes in rare-fluoric-acid 
washing using about 0.5% of the weight of fluoric acid solution, Problems various in recent years 
— in order to etch substrate faces (SiOg film etc.) more than 10 A (A), the working dimension 

accuracy of the device of a substrate face will be out of order — are actualizing. Taking this 
problem to the minuteness making of a device and thin film-ization of gate oxide, and actualizing 
to urgency from now on is expected. There is also a problem of particle adhering to the 
hydrophobic Si surface which became nakedness by etching, and polluting, or being generated by 
contamination of the shape of silverfish made when the waterdrop which remained to (particle 
adhering to a canal side easily generally) and also a canal side dries, and what is called 
watermark. 

[001 1]. In order to control etching of such SiOg, washing time reduced fluoric acid concentration 
extremely but as usual. For example, the cleaning method that the very thin fluoric acid solution 
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which added fluoric acid of the ultralow volume about 10 weight ppm to pure water washes a 
substrate face is also proposed (JP,3-1 90130,A etc.). However, in such a cleaning method, since 
fluoric acid concentration is very low, it is [ about 5 minutes of washing by this fluoric acid 
solution ] needed, and productive efficiency is still low. In addition, in applying this method to a 
sheet washing station, since a lot of detergents are needed, a lot of acid waste arises, and this 
disposal poses a problem. 
[0012] 

[Means for Solving the Problem]It is made in order that this invention may solve a problem which 
was mentioned above, and in a manufacturing process of a semiconductor device, a display 
device, etc., it is ** short time to a substrate for devices, ** Aim at providing an efficient 
substrate washing method which removed both particle contamination and metallic contamination 
and reduced extremely ** contamination reattachment, working dimension change by etching, 
etc. 

[0013]In order that this invention persons may solve an above-mentioned technical problem, as a 
result of inquiring wholeheartedly, first in the first place. More than specific concentration found 
out an unexpected fact referred to as that a metallic contamination removing effect it is higher 
to specifically wash below in specific time using 0.03% of the weight or more of fluoric acid 
solution is acquired rather than having washed for a long time using very thin fluoric acid solution 
which carried out point **. In washing by fluoric acid solution, when fluoric acid concentration (% 
of the weight) and washing time (second) were expressed with a specific relation, it found out 
that it might be compatible in removal of sufficient metallic contamination, and problem solving, 
such as working dimension change by etching (it mentioned above). 
[001 4]A process (1) of washing a substrate face with an alkaline detergent containing a 
complexing agent as a result of repeating examination furthermore. When washing a substrate 
face below in specific time using a detergent of fluoric acid content beyond a washing process 
by fluoric acid solution which carried out point **, i.e., specific concentration, By combining a 
process (2) where fluoric acid concentration and washing time in a detergent have a specific 
relation in this order, extremely for a short time. Both particle contamination and metallic 
contamination of a substrate face could be removed, it found out doing so an outstanding effect 
that there are almost no problems, such as a watermark and working dimension change by 
particle reattachment and etching, and this invention was completed. 

[0015]That is, at least, including the following processes (1) and processes (2), a gist of this 
invention consists in a substrate face cleaning method which performs a process (2), after 
performing a process (1). 

A washing process which washes a substrate face with a process (1) complexing-agent content 
alkaline detergent. 

A washing process where whose washing time t of a substrate by this detergent (second) is 45 

or less seconds, and C and t have a relation of 0.25 <= tC^-^^<=5 using a detergent whose 

process (2) fluoric-acid content C (% of the weight) is 0.03 to 3 % of the weight. 

[0016] 

[Embodiment of the Invention] Hereafter, this invention is explained in detail. 

(A) The alkaline detergent used at the process (1) of alkaline detergent (A-1) alkalinity ingredient 
this invention is an alkaline aqueous solution containing an alkaline ingredient in which a pH value 
exceeds 7. Although the alkaline ingredient in particular of a solution is not limited, ammonium 
hydroxide (aqueous ammonia solution) and organic alkali are mentioned as a typical thing. As 
organic alkali, amines, such as quaternary ammonium hydroxide, amine, and amino alcohol, are 
mentioned. As quaternary ammonium hydroxide, what has the alkyi group and/or hydroxyalkyi 
group of the carbon numbers 1 -4 is preferred. As an alkyI group, the alkyI group of the carbon 
numbers 1-10, such as a methyl group, an ethyl group, a propyl group, and a butyl group, is 
mentioned. As a hydroxyalkyi group, the hydroxyalkyi group of the carbon numbers 1-10, such as 
hydroxy methyl, hydroxyethyl, hydroxypropyl, and hydroxybutyl, is mentioned. 
[001 7]As such quaternary ammonium hydroxide, specifically, Tetramethylammonium hydroxide 
(TMAH), tetraethylammoniumhydroxide, trimethyl (hydroxyethyl) ammonium hydroxide (common 
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name: Kolin), triethyl (hydroxyethyl) ammonium hydroxide, etc. are mentioned. Ethylenediamine. 
monoethanolamine. trimethano RUAMIN, etc. are mentioned as other amines. 
[0018]Alkaline salts, such as hydroxide of alkaline metals, such as sodium hydroxide, a potassium 
hydrate, and calcium hydroxide, or alkaline-earth metals, sodium bicarbonate, and ammonium acid 
carbonate, etc. are used. That there are few cleaning effects and metal remains also in an 
alkaline above-mentioned ingredient, economical efficiency, From the reasons of the stability of a 
detergent, etc., as an alkaline ingredient, ammonium hydroxide, tetramethylammonium hydroxide 
(TMAH), trimethyl (hydroxyethyl) ammonium hydroxide (common name: Kolin), etc. are preferred, 
and especially ammonium hydroxide is preferred. These alkaline ingredients may use 
independence or two sorts or more at an arbitrary rate. Although what is necessary is just to 
choose the concentration of the alkaline ingredient in a detergent suitably, especially generally 
0.002 to 1 % of the weight is preferred also in 0.001 to 5 % of the weight, the decontamination 
effect which is the purpose of this invention when the concentration of an alkaline ingredient is 
too low is acquired — in addition . Conversely, even if concentration is too high, since the 
danger that being economically disadvantageous not only but a substrate face will be damaged 
by etching since the high effect corresponding to high concentration is not expectable increases, 
it is not desirable. 

[0019]In the complexing agent content alkaline detergent used for this invention, Metal remains 
from the reasons of few things, economical efficiency, the stability of a detergent, etc. especially. 
Ammonium hydroxide, tetramethylammonium hydroxide (TMAH), trimethyl (hydroxyethyl) 
ammonium hydroxide (common name: Kolin), etc. are preferred, and especially ammonium 
hydroxide is preferred. 

[0020](A-2) since the alkaline detergent used for complexing agent this invention contained the 
complexing agent, the metallic contamination of the substrate face was reduced further — since 
the high clean surface is acquired extremely, it is desirable. The complexing agent used for this 
invention can use publicly known arbitrary things conventionally. What what is necessary is to 
judge synthetically and just to choose from a cleanliness level, complexing agent cost, chemical 
stability, etc. which are required of the contamination level of a substrate face, a metaled kind, 
and a substrate face in selection of a complexing agent, and is shown below is mentioned. 

(1) the compound which has nitrogen, carboxyl group, and/or phosphonic acid group which are 
donor atoms — for example, Amino acid, such as a glycine; Iminodiacetic acid, nitrilotriacetic 
acid, ethylenediaminetetraacetic acid [EDTA], Transformer 1 ,2-diaminocyclohexane 4 acetic acid 
[CyDTA], Nitrogen-containing carboxylic acid, such as diethylenetriamine pentaacetic acid 
[DTRA] and triethylenetetramine 6 acetic acid [TTHA]; Ethylenediamine tetrakis (methylene 
phosphonic acid) [EDTPO], Nitrogen-containing phosphonic acid, such as nitrilotris (methylene 
phosphonic acid) [NTPO] and propylenediamine tetra (methylene phosphonic acid) [PDTMP], is 
mentioned. 

(2) Phenols, such as a compound, for example, catechol, which has the OH radical and/or two O 

~ groups or more which were coupled directly with the carbon atom which has aromatic 
hydrocarbon rings and constitutes this ring, resorcinol, and tiron, the derivative of those, etc. are 
mentioned. 

(3) Compound (3-1) ethylenediamine JIORUTO hydroxyphenyl acetic acid [EDDHA] having the 
structure of the above (1) and (2), and its derivative, for example, an ethylenediamine JIORUTO 
hydroxyphenyl acetic acid [EDDHA] ethylenediamine N.N'-screw [(2-hydroxy-5-methylphenyl) 
Acetic acid] [EDDHMA] — an ethylene diamine N.N'-screw [(2-hydroxy-5-KURORU phenyl) 
Acetic acid] [EDDHCA] — an ethylene diamine N,N -screw [(2-hydroxy-5-sulfophenyl) Acetic 
acid] Aromatic nitrogen-containing carboxylic acid, such as [EDDHSA]; ethylene diamine N,N'- 
screw [(2-hydroxy-5-methylphenyl) Phosphonic acid] Ethylene diamine N.N -screw [(2-hydroxy- 
5-phospho phenyl) Phosphonic acid] Which aromatic nitrogen-containing phosphonic acid is 
mentioned. 

(3-2) N.N' to N,N'-bis(2-hydroxybenzyl)ethylene diamine 2 acetic acid [HBED], and its derivative 
— for example, N,N' to N,N -bis(2-hydroxybenzyl)ethylene diamine 2 acetic acid [HBED], N,N' - 
Bis(2-hydroxy-5-methylbenzyl)ethylene diamine N,N -2 acetic-acid [HMBED] N,N'-bis(2- 
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hydroxy-5-KURORU benzyDethylene diamine N,N -2 acetic acid etc. are mentioned. 
In addition, amines, such as ethylenediamine, an eight quinolinot, and o-phenanthrolin; (4) Formic 
acid, Hydrogen halides or those salts, such as carboxylic acid; hydrofluoric acid, such as acetic 
acid, oxalic acid, and tartaric acid, chloride, a hydrogen bromide, and hydrogen iodide; oxo acid or 
those salts, such as phosphoric acid and condensed phosphoric acid, etc. are mentioned. 
[0021]The thing of the gestalt of acid may be used for these complexing agents, and the thing of 
the gestalt of salts, such as ammonium salt, may be used for them. Also in the complexing agent 
mentioned above, from the reasons of a cleaning effect, chemical stability, etc. to 
ethylenediaminetetraacetic acid [EDTA]. Nitrogen-containing carboxylic acid, such as 
diethylenetriamine pentaacetic acid [DTPA]; Nitrilotris (methylene phosphonic acid) [NTPO], 
Ethylenediamine tetrakis (methylene phosphonic acid) [EDTPO], Propylenediamine tetra. 
(Methylene phosphonic acid) nitrogen-containing phosphonic acid [, such as [PDTMP], ]; — 
ethylenediamine JIORUTO hydroxyphenyl acetic acid [EDDHA] and its derivative; — N,N -bis(2- 
hydroxybenzyDethylenediamine N,N'~2 acetic acid [HBED] etc. are preferred. 
[0022]It is an Ellen diamine JIORUTO hydroxyphenyl acetic acid [EDDHA] ethylene diamine 
N,N'-screw from a viewpoint of a cleaning effect especially. [(2-hydroxy-5-methylphenyl) Acetic 
acid] [EDDHMA] — diethylenetriamine pentaacetic acid [DTPA], ethylenediaminetetraacetic acid 
[EDTA], nitrilotris (methylene phosphonic acid) [NTPO], and propylenediamine tetra (methylene 
phosphonic acid) [PDTMP] are preferred. 

[0023]These complexing agents may use independence or two sorts or more at an arbitrary rate. 
Although what is necessary is just to choose the concentration of the complexing agent in a 
detergent arbitrarily with the kind of contaminated metal impurity, quantity, and the cleanliness 
level required of a substrate face, generally 5 - 1000 weight ppm, especially 10 - 200 weight ppm 
are usually preferred also in 1 - 10000 weight ppm. If the concentration of a complexing agent is 
too low, the decontamination or the antisticking effect by a complexing agent will not be 
acquired. Conversely, even if concentration is too high, since the danger of a complexing agent 
adhering to being economically disadvantageous not only but a substrate face since the high 
effect corresponding to high concentration is not expectable, and remaining after a surface 
treatment increases, it is not desirable. 

[0024]In the reagent usually sold, metal impurities, such as 1 ~ iron (Fe) of about 1000 ppm of 
numbers, and zinc (Zn), may contain the complexing agent. Therefore, the case where the 
complexing agent used for this invention serves as a source of metallic contamination can be 
considered.Although these metal impurities form a stable complex and exist with the complexing 
agent immediately after preparing a finishing agent, there is a possibility of a complexing agent 
decomposing while using the finishing agent for a long time, and metal separating, and adhering to 
a base surface. Therefore, as for the complexing agent used for this invention, it is preferred that 
metal impurities contained beforehand, such as Fe, aluminum, and Zn, shall be removed, and each 
content shall be 5 ppm or less, and it is preferred to be referred to especially as 2 ppm or less. 
What is necessary is for filtration separation etc. to remove an insoluble impurity and just to 
refine by the method of neutralizing again, depositing the crystal of a complexing agent and 
isolating preparatively, after dissolving a complexing agent, for example in acidity or an alkaline 
aqueous solution in order to obtain the such and refined complexing agent. 
(A-3) Other additive agents, such as a surface-active agent [0025]Oxidizers, such as hydrogen 
peroxide, ozone, and oxygen, may be suitably blended with the alkaline detergent used for this 
invention. In the washing process of the substrate for semiconductor devices, when washing the 
raise in basic wages silicon substrate (silicon substrate without oxide film) surface, etching and 
surface roughness of a substrate can be stopped by combination of an oxidizer. When making the 
alkaline detergent used for this invention contain hydrogen peroxide, the hydrogen peroxide 
concentration in all the detergent liquid is usually used 0.001 to 5% of the weight so that it may 
become 0.01 to 1% of the weight of a density range preferably. 

[0026]Since the removal nature of the particle contamination of a substrate face or organic 
matter contamination improves by containing a surface-active agent further in the alkaline 
detergent used for this invention, it is desirable. The surface-active agent can use publicly 
known arbitrary things conventionally. What is necessary is to judge synthetically and just to 
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choose from a cleanliness level, surface-active agent cost, chemical stability, etc. which are 
required of the contamination level of a substrate face, particle and the kind of organic matter 
contamination, and a substrate face in selection of a surface-active agent. As a surface-active 
agent, although the surface-active agent of an anionic system, a cation system, both sexes, and 
an Nonion system is mentioned, the surface-active agent of an anionic system, both sexes, and 
an Nonion system is especially preferred. Especially the surface-active agent of an anionic 
system is preferred. These surface-active agents may be used independently and may be used, 
combining suitably two or more sorts of a different kind. The combination of an anionic system 
surface-active agent and the Nonion system surface-active agent is especially preferred from a 
point of a contamination cleaning effect. 

[0027]As an anionic system surface-active agent, a polyethylehe-glycol type, a polyhydric 
alcohol type, etc. are mentioned as Nonion system surface-active agents, such as an amino acid 
type and a betaine type, as ampholytic surface active agents, such as a carboxylic type, a 
sulfonic acid type, a sulfate ester type, and a phosphoric ester type. In an anionic system 
surface-active agent, a sulfonic acid type (it has a -SO^-basis) and a sulfate ester type (- 

OSO3-) are preferred. The compound which specifically has a -SOg-basis or at least one - 

0S03-basis is preferred, and these may be used alone or may be used, combining two or more 

sorts suitably. 

[0028]- As a surface-active agent which has an SO^-basis, the compound of ** shown below, 
for example - ** is mentioned. 

** As an alkyl-sulfonic-acid system compound alkyl-sulfonic-acid system compound, the 

compound expressed with a following formula (1) is mentioned. 

[0029] 

[Formula 1] 

RSO3X ~ Formula (1) 

(the inside of a formula, and R — an alkyi group — the alkyi group of the carbon numbers 8-20 
and X show hydrogen, a cation atom, or a cation atom group preferably.) 

As alkyi sulfonic acid, for example CgH^-^SOgH and its salt, CgH^gSO^H and its salt, C^QHg^SO^H 
and its salt. C^^H23S03H, and its salt, C^2'^25^^3'^ ^13'^27^^3'^' 
^14*^29^^3'^ and its salt, C^gHg^SOgH, and its salt, C^gH33S03H and its salt, C^7H35S03H and 
its salt, C^gH3yS03H, its salt, etc. are mentioned. 

[0030]** As an alkylbenzene-sulfonic-acid system compound alkylbenzene-sulfonic-acid system 
compound, a compound expressed with a following formula (2) is mentioned. 
[0031] 
[Formula 2] 

R-ph-SOgX — Formula (2) 

(the inside of a formula, and R — an alkyi group — preferably, an alkyi group of the carbon 
numbers 8-20 and X show hydrogen, a cation atom, or a cation atom group, and ph shows a 
phenylene group.) 

As alkylbenzene sulfonic acid, dodecylbenzenesulfonic acid, its salt, etc. are mentioned, for 
example. 

** As an alkyi naphthalene sulfonic acid system compound alkyi naphthalene sulfonic acid 
system compound, a compound expressed with a following formula (3) is mentioned. 
[0032] 
[Formula 3] 

"''^^^-00'"°^ •••^ (3) 

[0033]the inside of a formula, R^ and — respectively — an alkyi group — the alkyi group of 
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the carbon numbers 1-10 and X show hydrogen, a cation atom, or a cation atom group 
preferably, m and n express the integer of 0-4, respectively. 1 <=m+n<=7 [ however, ] — it is 
l<=m+n<=4 preferably. 

As an alkyi naphthalene sulfonic acid system compound, dimethylnaphtalene sulfonic acid, its 
salt, etc. are mentioned, for example. 

[0034]** As a methyl taurine acid system compound methyl taurine acid system compound, the 
compound expressed with a following formula (4) is mentioned. 
[0035] 
[Formula 4] 

RCONCCHg) CH2CH2SO3X — Formula (4) 

a formula — inside — R — a hydrocarbon group — the hydrocarbon group of the saturation and 
the unsaturation of C^H2^+i, ^n'^2n-V ^n'^2n-3' ^n^2n-5 ^ show hydrogen, a cation atom, 
or a cation atom group preferably, n — usually — 8-20 — the integer of 13-17 is expressed 
preferably, when n which is a carbon number of a hydrocarbon group is too small, there is a 
tendency for the removal ability of stuck particles to decline. 

As a methyl taurine acid system compound, for example, C^^H23CON(CH3) CHgCHgSO^H and its 
salt, C^gH^yCONCCHg) CH2CH2SO3H and its salt, C^^Hg^CONCCHg) CH2CH2SO3H and its salt, 
C^7H35CON(CH3) CH2CH2SO3H and its salt, C^-7H33CON(CH3) CH2CH2SO3H and its salt, 
C^7H3^CON(CH3) CH2CH2SO3H and its salt. C^7H29CON(CH3) CH2CH2SO3H, its salt, etc. are 
mentioned. 

[0036]** ** expressed with a following formula (5) as an alkyI diphenyl ether disulfon acid 
system compound alkyI diphenyl ether disulfon acid system compound **** is mentioned. 
[0037] 
[Formula 5] 

R-ph(S03X)-0-ph-S03X — Formula (5) 

(the inside of a formula, and R — an alkyI group — preferably, the alkyI group of the carbon 
numbers 8-20 and X show hydrogen, a cation atom, or a cation atom group, and ph shows a 
phenylene group.) 

As an alkyI diphenyl ether disulfon acid system compound, nonyldiphenyl ether disulfon acid and 
its salt, dodecyldiphenyl ether disulfon acid, its salt, etc. are mentioned, for example. 
[0038]** As a sulfosuccinic acid diester system compound sulfosuccinic acid diester system 
compound, the compound shown with a following formula (6) is mentioned. 
[0039] 
[Formula 6] 

R-O-CO-CHg-CR-O-CO-) CH-SO3X ~ Formula (6) 

[0040](the inside of a formula, and R — hydrogen or an alkyI group — an alkyI group of the 
carbon numbers 4-20 and X show hydrogen, a cation atom, or a cation atom group preferably.) 
As sulfosuccinic acid diester, di-2-ethylhexyl sulfosuccinic acid and its salt. lauryl sulfosuccinic 
acid, its salt, etc. are mentioned, for example. 

** As an alpha olefin sulfonic acid system compound alpha olefin sulfonic acid system compound, 
a mixture of a compound expressed with a following formula (7) and a compound expressed with 
a following formula (8) is mentioned. 
[0041] 
[Formula 7] 

RCH=CH(CH2) ^SO^X — Formula (7) 
RCH2 CH (OH) (CH2) ^SO^X — Formula (8) 

the inside of a formula, and R — an alkyI group — preferably, the alkyI group of the carbon 
numbers 4-20 and X show hydrogen, a cation atom, or a cation atom group, and m shows the 
integer of 1-10. n shows the integer of 1-10. 

** As a naphthalene sulfonic acid condensate naphthalene sulfonic acid condensate, beta- 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran„web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.i... 2008/07/25 



JP,2003-088817.A [DETAILED DESCRIPTION] 



8/19 



naphthalene sulfonic acid formalin condensate, its salt, etc. are mentioned, for example. 
[0042]** the fluorochemical surfactants by which hydrogen of an alkyi group of a surface-active 
agent or a hydrocarbon group shown by the above-mentioned ** - ** was replaced with fluoride 
— in that it excels in the removal nature of particle contamination among surface-active agents 
of these, Preferably, an alkylbenzene-sulfonic-acid system compound, an alkyi diphenyl ether 
disulfon acid system compound, and a sulfosuccinic acid diester system compound are used. 
[0043]- As a surface-active agent which has an OSO^-basis, a compound of ** shown below - 

** is mentioned. 

** As an alkyj-suifuric-acid ester system compound alkyl-sulfuric-acid ester system compound, 
a compound expressed with a following formula (9) is mentioned. 
[0044] 
[Formula 8] 

ROSO3X — Formula (9) 

(the inside of a formula, and R — an alkyi group — the alkyi group of the carbon numbers 8-20 
and X show hydrogen, a cation atom, or a cation atom group preferably.) 
As an alkyl-sulfuric-acid ester system compound, dodecylsulfate ester, its salt, etc. are 
mentioned, for example. 

[0045]** As an alkyi ether sulfate ester system compound alkyi ether sulfate ester system 
compound, a compound expressed with a following formula (10) is mentioned. 
[0046] 
[Formula 9] 

RO(CH2CH20) ^SOgX — Formula (10) 

(the inside of a formula, and R — an alkyi group — desirable — the alkyi group of the carbon 
numbers 8-20, and X — hydrogen, a cation atom or a cation atom group, and n — the number of 
addition mols of ethyleneoxide — usually — 1-10 — the integer of 2-4 is shown preferably.) 
As an alkyi ether sulfate ester system compound, tetra oxyethylene lauryl ethereal sulfate ester, 
its salt, etc. are mentioned, for example. 

[0047]** As an alkylphenyl ethereal sulfate ester system compound alkylphenyl ethereal sulfate 
ester system compound, the compound and sulfated oil which are expressed with a following 
formula (11), a sulfuration fatty-acid-ester system compound, and a sulfuration olefinic 
compound are mentioned. 
[0048] 

[Formula 10] 

R-ph-0-(CH2CH20) ^SOgX — Formula (11) 

the inside of a formula, and R — an alkyi group — desirable — the alkyi group of the carbon 
numbers 8-20, and X — hydrogen, a cation atom or a cation atom group, and n — the number of 
addition mols of ethyleneoxide — usually — 1-10 — the integer of 2-4 is shown preferably, ph 
shows a phenylene group. 

** The fluorochemical surfactant by which hydrogen of the alkyi group of the surface-active 
agent shown by the above-mentioned ** - ** was replaced with fluoride. - Although the 
surface-active agent which has an OSOg-basis is excellent in particle removal nature, an effect 

will become low if alkalinity becomes strong. Since it changes also with types, it cannot generally 
say, but it is at pH 10-12. Particle removal nature with the more expensive surface-active agent 
which has a -SO^-basis is shown. 

[0049]In the Nonion system surface-active agent, as a polyethylene-glycol type, polyoxyethylene 
alkyi phenyl ether, Polyoxyethylene alkyi ether, polyoxyethylene fatty acid ester, polyoxyethylene 
sorbitan fatty acid ester, a polyoxyethylene polyoxypropylene blockpolymer, polyoxyethylene 
polyoxy butylene block polymer, etc. are mentioned. As a polyhydric alcohol type, a glycerine 
fatty acid ester, a sorbitan fatty acid ester, etc. are mentioned. In that excel in decontamination 
nature among these surface-active agents, and moreover biodegradability is excellent, 
preferably, Polyoxyethylene alkyi ether, a polyoxyethylene polyoxypropylene blockpolymer, 
polyoxyethylene polyoxy butylene block polymer, etc. are used. 
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[0050] Concentration of a surface-active agent in an alkaline detergent used for this invention is 
usually 0.0003 to 0.1 % of the weight preferably 0.0001 to 0.5% of the weight to a detergent. Load 
in a case of there being no change in removal performance of particle contamination, even if 
particle contamination removal performance by a surface-active agent is not enough and 
concentration is too high conversely, when concentration of a surface-active agent is too low, 
and foaming becoming remarkable, and becoming unsuitable for a washing process, and carrying 
out biodegradation processing of the waste fluid may increase. 

[0051] A surface-active agent added to an alkaline detergent used for this invention may be ** 
(ed) with a salt or acid, and which gestalt. As a salt, the second or a tertiary-amine salt can be 
mentioned alkali metal salt, such as sodium and potassium, ammonium salt, and for a start. In 
washing of a substrate face in a semiconductor device or a display device manufacturing 
process. When it takes into consideration that metallic contamination has an adverse effect on 
transistor performance, gestalten, such as a gestalt of acid which does not contain metal salt in 
a surface-active agent to be used or ammonium salt, a monoethanolamine salt, and a 
triethanolamine salt, are preferred. 

[0052]In an alkaline detergent used for this invention, other ingredients may be contained further, 
as other ingredients — an organic sulfur content compound (2-mercapto thiazoline.) 2 
mercaptoimidazoline, 2-mercaptoethanol, thioglycerol, etc., an organic nitrogen content 
compound (benzotriazol and 3-aminotriazole.) N(R) 3 (R is an alkyi group of the carbon numbers 

1-4), N(ROH) 3 (R is an alkyI group of the carbon numbers 1-4), water-soluble polymer (a 

polyethylene glycol.), such as urea and thiourea Dissolved gas, such as reducing agents, such as 
acid, such as anticorrosives, such as an alkyI alcohol system compound (ROH (R is an alkyI 
group of the carbon numbers 1 -4)), such as polyvinyl alcohol, sulfuric acid, and chloride, and 
hydrazine, hydrogen, argon, and nitrogen, etc. are mentioned. 

[0053](A-4) As a solvent of an alkaline detergent used for solvent this invention of an alkaline 
detergent, water, organic solvents, or these mixed solvents are mentioned. As a solvent, a 
viewpoint of waste-liquid-treatment cost to water is especially preferred, as water — usually — 
deionized water — ultrapure water is used preferably. Since electrolytic ion water obtained by 
the electrolysis of water and hydrogen water which made hydrogen gas dissolved in water have 
removal nature and antisticking nature of particle in which itself was excellent compared with 
water, it is also preferred to mix other solvents or to use it as a solvent alone. 
[0054](A-5) Although pH of an alkaline detergent used for pH this invention of an alkaline 
detergent is based on other additive agents, such as an alkaline ingredient, a complexing agent, 
etc. to be used, it is preferred from removal of particle, or a viewpoint of antisticking that it is 
nine or more. Although pH should just be nine or more, generally it is usually preferred pH 9-12 
and that it is pH 9.5-1 1.5 especially. A publicly known pH regulator may be used in the range 
which does not spoil an effect of this invention. Since a high effect corresponding to a high pH 
value is not expectable even if pH is too high and a lot of alkali is needed, a danger that being 
economically disadvantageous not only but a substrate face will be damaged by etching 
increases. 

[0055](B) Substrate face washing using a fluoric acid containing detergent used for a process (2) 
of washing this invention by fluoric acid in a process (2) is the process of washing a substrate 
face below in specific time using a detergent which has specific fluoric acid content. In detail, the 
fluoric acid content C (% of the weight) is a washing process which the washing time t of a 
substrate by this detergent (second) is 45 or less seconds, and is characterized by C and t 

having a relation of 0.25 <= tC^'^^<=5 using a detergent which is 0.03 to 3 % of the weight. 
[0056](B-1) As for a process (2) in this invention, the fluoric acid content C in a detergent (% of 

the weight) and a relation of the washing time t (second) are expressed with 0.25 <= tC^*^^<=5 
about tC^"^^ in a process (2). Usually, in fluoric acid solution washing, if there is too much fluoric 
acid content in fluoric acid solution to be used or washing time is too long, problems, such as 
contamination (particle contamination, watermark) which originates in working dimension change 
and hydrophobing of a silicon surface according to increase of etching quantity, will arise. On the 
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other hand, if there is too little fluoric acid content or washing time is too short, we will be 
anxious about a fall of metallic contamination removal nature. 

[0057]This invention persons examined wholeheartedly a washing process by a fluoric acid 
containing detergent combined with a washing process by an alkaline detergent of a process (1) 
which carried out point **. As a result, the specific fluoric acid content C (% of the weight) and 
the specific washing time t (second) are added to specifying individually, When expressed with an 
expression of relations with both C and this specific t, and 0,25 <=tC^-^^<=5, it found out that 
removal of sufficient metallic contamination in a substrate face and problem solving, such as 
working dimension change, were compatible, and this invention was completed, a value shown by 

this tC^ -^^ — 0.25-5 — desirable — 0.4-4 — it is 0.6-3 still more preferably. If this value is too 
small, metallic contamination cannot fully remove, but if too large on the contrary, etching 
quantity will increase more than needed and problems resulting from working dimension change 
and hydrophobing of a silicon surface, such as contamination (particle contamination, watermark), 
will arise, and it is not desirable. 

[0058](B-2) the content C of fluoric acid in a fluoric acid containing detergent used for fluoric 
acid content this invention (% of the weight) — usually — it is 0.2 to 0.8 % of the weight 
especially preferably 0.1 to 1% of the weight preferably 0.03 to 3% of the weight. When there is 
too little content of fluoric acid, removal efficiency of metallic contamination is low. Conversely, 
even if concentration is too high, since it becomes difficult for a high effect corresponding to 
high concentration not being not only expectable but an etch rate to pass early, and to control 
etching quantity below to constant value, it is not desirable. 

[0059](B-3) The washing time t in a process (2) of washing time this invention in a process (2), 
i.e., washing time of a substrate by a fluoric acid containing detergent, (second) is 45 or less 
seconds. What is necessary is for the fluoric acid content C in a detergent (% of the weight) just 
to determine the washing time t (second) suitably, if an expression of relations concerning 
above-mentioned t and C is filled. Although the washing time t (second) is based on the above- 
mentioned fluoric acid content C (% of the weight), it is 10 or less seconds still more preferably 
20 or less seconds preferably. Although what is necessary is just to choose a minimum of the 
washing time t (second) suitably by desired substrate cleanliness, it is usually 1 seconds or more. 
Although based on a spilling limit etc. of a device used for washing, when a single-wafer- 
processing washing station is used for a minimum of this washing time, for example, it can make 
a washing time minimum of a detergent and a substrate about 1 second If fluoric acid content in 
a detergent is made higher within the limits of the above-mentioned fluoric acid content C (% of 
the weight), efficient washing is attained by shorter washing time, and it is desirable. If washing 
time in a process (2) of this invention is too long, since processing of a lot of acid waste is 
needed when substrate treatment number of sheets not only per not being obtained but unit 
time falls and it is further used with a sheet washing station, the decontamination effect of 
balancing spent time is not preferred. 

[0060](B-4) As a solvent of a fluoric acid containing detergent used for solvent this invention of 
a fluoric acid containing detergent, water, organic solvents, or these mixed solvents are 
mentioned. As a solvent, a viewpoint of waste-liquid-treatment cost to water is especially 
preferred, as water — usually — deionized water, although ultrapure water is used preferably, 
Since electrolytic ion water obtained by the electrolysis of water and hydrogen water which 
made hydrogen gas dissolved in water have removal nature and antisticking nature of particle in 
which itself was excellent compared with water, it is also preferred to mix other solvents or to 
use it as a solvent alone. 

[0061](B-5) In a fluoric acid containing detergent used for this inventions, such as an additive to 
a fluoric acid containing detergent, other ingredients may be contained further. A surface-active 
agent which is used for an alkaline detergent of a process (1) as other ingredients; Chloride, 
Buffers, such as alkaline ingredient; ammonium fluorides, such as acid; ammonia, such as sulfuric 
acid, nitric acid, and acetic acid; Hydrogen peroxide, reducing agent; organic sulfur content 
compounds (2-mercapto thiazoline.), such as oxidizer; hydrazine, such as ozone and oxygen 
organic nitrogen content compounds (benzotriazol.), such as 2 mercaptoimidazoline and 
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thioglycerol Dissolved gas, such as anticorrosives, such as water-soluble polymer, such as 3- 
aminotriazole, urea, and thiourea, and an alkyi alcohol (polyethylene-glycol, polyvinyl alcohol, etc.) 
system compound, hydrogen, argon, and nitrogen, etc. are mentioned. 

[0062]A preparing method of a detergent (an alkaline detergent and a fluoric acid containing 
detergent) used for above-mentioned this invention should just be conventionally based on a 
publicly known method. Any two ingredients or three ingredients or more in a constituent (for 
example, accepting ammonium hydroxide, a solvent, and necessity other ingredients, such as a 
complexing agent and a surface-active agent) of a detergent may be boiled, it may blend 
beforehand, the remaining ingredients may be mixed after that, and all may be mixed at once. 
[0063](C) In a cleaning method of this invention including combination above-mentioned a 
process (1) and a process (2) of a process (1) and a process (2), perform a process (2) after 
performing a process (1). washing in this order — a short time — high — a pure substrate face 
can be obtained. What is necessary is just to choose suitably according to a cleanliness level of 
a substrate face called for, a kind of material in a substrate or a substrate face, a kind of 
additive agent to a detergent, etc. Since an alkaline detergent of a process (1) contains a 
complexing agent, even if it is made for an alkaline detergent not to mean and contains a metal 
impurity, Since this metal impurity can be prevented from adhering to a substrate face and not 
only particle contamination but metallic contamination can be reduced very highly by operation 
of a complexing agent, it is desirable. 

[0064]By performing a process (2) after a process (1), since organic matter contamination on a 
substrate resulting from a surface-active agent etc. can be reduced very highly, it is desirable. 
When a surface-active agent is added to an alkaline detergent, a surface-active agent sticks to 
a substrate face, and we are anxious about a case where ultralow volume remains are carried 
out depending on a kind of a surface-active agent and substrate face material, but such 
contamination is removable at a process (2). Other substrate washing processes may be 
performed between processes (1) (2). 

[0065](D) In addition, it is the purpose of raising a cleaning effect and washing (washing by 
alkaline detergent or a fluoric acid containing detergent) in cleaning condition this invention may 
be performed by warming, although the degree of solution temperature of a detergent to be used 
may be performed at a room temperature. An alkaline detergent of a process (1) is usually used 
in room temperature -90 **. A fluoric acid containing detergent of a process (2) may usually be 
warmed to about 40 **, although used at a room temperature. If detergent temperature is too 
high, etching quantity, such as silicon oxide, will increase and side effects, such as working 
dimension change, will arise. 

[0066]It may be made to use together with mechanical cleaning using a cleaning method by 
physical force, for example, a cleaning brush, such as cleaning by scrubbing, or ultrasonic 
cleaning in the case of washing. If ultrasonic irradiation or a brush scrub is used together when 
performing washing by an alkaline detergent of a process (1) using a single-wafer-processing 
washing station mentioned especially later, since the removal nature of particle contamination 
will improve further and will lead also to shortening of washing time, it is desirable. Washing by 
electrolytic ion water obtained by the electrolysis of water and hydrogen water which made 
hydrogen gas dissolved in water may be combined before a cleaning method of this invention, 
and/or with the back. 

[0067](E) The gestalt is free if washing stations using this invention, such as a washing station, 
are washing stations which can enforce a cleaning method of this invention, i.e., a method of 
contacting a detergent to a substrate directly. A spin type to which the high velocity revolution 
of the substrate is carried out, a spray type which sprays and washes liquid to a substrate, etc. 
are held in a contact method to a substrate of a detergent, pouring a penetrant remover on a 
substrate from a dip type which fills a detergent to a cleaning tank and in which it is made to 
immerse a substrate, and a nozzle. There are a batch type washing station which washes 
simultaneously two or more substrates accommodated in a cassette as a device for performing 
such washing, a single-wafer-processing washing station which equips an electrode holder with 
one substrate and washes it, etc. Although a cleaning method of this invention is applicable to 
any method of the above, it is preferred to apply to a washing station of a spin type or a spray 
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type from a point which can perform more efficient decontamination for a short time. If 
shortening of washing time and reduction of the amount of the detergent used specifically apply 
a cleaning method of this invention to a single-wafer-processing washing station which poses a 
problem, since these problems will be solved, it is desirable. 

[0068](F) A cleaning method of this inventions, such as a substrate for washing, is used for 
washing of substrate faces, such as a semiconductor with which metallic contamination and 
particle contamination pose a problem, glass, metal, ceramics, resin, a magnetic body, and a 
superconductor. It is used suitably for washing of a substrate for semiconductor devices with 
which high cleanliness of a substrate face is demanded especially, or a substrate for display 
devices. As materials, such as these substrates and wiring which exists in the surface, and an 
electrode, Semiconductor material;Si02, such as Si, germanium (germanium), and GaAs (gallium 

arsenide), Silicon nitride, hydrogen silsesquioxane (HSQ), glass, an aluminum oxide, and a 
transition metal oxide (titanium oxide and tantalum oxide.) TiO(Ba, Sr) 3 (BST), such as oxidation 

hafnium and zirconium oxide. Insulating material;W, such as polyimide and organic thermosetting 
resin (tungsten), Metal, such as Cu (copper), Cr (chromium). Co (cobalt). Mo (molybdenum), Ru 
(ruthenium), Au (gold). Ft (platinum). Ag (silver), and aluminum (aluminum), or these alloys. 

silicide, a nitride, etc. are mentioned. 

[0069]In a substrate for semiconductor devices which has insulating materials, such as 
semiconductor materials, such as silicon, silicon nitride, silicon oxide, and glass, all over a part of 
substrate face especially. Usually, since reduction of metallic contamination is called for very 
strongly with particle contamination, a cleaning method of this invention is used suitably. 
[0070] 

[Example]An example is shown below and the concrete mode of this invention is explained to it. 
This invention is not limited by the following examples unless the gist is exceeded. 
(Production etc. of the polluted silicon wafer) 4 or a 6-inch silicon wafer was immersed in the 
APM detergent containing a metal ion (Fe, aluminum, Cu, Zn). This APM detergent to what mixed 
29% of the weight of an ammonia solution, 31% of the weight of hydrogen peroxide solution, and 
water at a rate of the capacity factor 1:1:5. The metal ion water content solution was added and 
the metal ion content APM detergent which contains 20 ppb and aluminum for Fe and contains 1 
ppm and 200 ppb of Zn for 1 ppb and Cu was adjusted. The silicon wafer after immersion was 
rinsed for 10 minutes with ultrapure water, it dried with the nitrogen blow or the spin drying 
machine, and the silicon wafer polluted with metal was created. Analysis of the metal (Fe, 
aluminum, Cu, Zn) on this silicon wafer was conducted by the method that the polluted silicon 
wafer and the silicon wafer after washing are the same. The method contacted the solution 
containing 0.1% of the weight of fluoric acid, and 1% of the weight of hydrogen peroxide to the 
wafer surface, and collected it to it. And the amount of metal collected using the inductively- 
coupled-plasma-source-mass-spectrometry meter (ICP-MS) was measured, and it converted 

into substrate face concentration (atoms/cm^), and was considered as the analysis result. The 
value which totaled all of the concentration of these metal was made into "total metal 
concentration (atoms/cm^)." The analysis result of the polluted silicon wafer is shown in Table 
1-1 and 1-2. 

[0071]Metallic contamination washing was performed with 2 step cleaning method of the process 
(1) and the process (2) which shows the silicon wafer polluted with <Example 1> "evaluation of 
metallic contamination detergency by 2 step washing" metal in Table 1-1 using a single-wafer- 
processing washing station. The turn of the process (1) and the process (2) was also indicated in 
front. That is, the case where a process (2) was performed was described as "1->2" after the 
process (1). In the following and all the tables, it is the same. At the process (1), the complexing 
agent shown in Table 1-1 was added to APM1 detergent (solution which mixed an ammonia 
solution, 31-% of the weight hydrogen peroxide solution, and water by the capacity factor 1:2:80 
29% of the weight), and what adjusted the detergent was used. pH of the detergent used at these 
processes (1) was about 10. The silicon wafer number of rotations in a single-wafer-processing 
washing station was 1000 rpm, the detergent flow was considered as a part for 1-1./, washing 
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time was made into 30 seconds and the degree of solution temperature was 80 **. In the 
process (2), the fluoric acid solution of the fluoric acid content shown in Table 1-1 was used. 
The silicon wafer number of rotations in a single-wafer-processing washing station was 600 rpm, 
the penetrant remover flow was considered as a part for 1-!./, it washed by the washing time 
shown in Table 1-1, and the degree of solution temperature was performed at the room 
temperature. The result of this 2 step washing is shown in Table 1-1. 

[0072]not performing the <comparative example 1 and 2> process (1) — moreover — as the 
detergent of a process (2) — a HPM detergent (35-% of the weight chloride.) The solution which 
mixed hydrogen peroxide solution and water by the capacity factor 1:1:80 31% of the weight was 
used, and it washed like Example 1 except having considered it as time to show the degree of 
solution temperature in 60 **, and show washing time in Table 1-1. A result is shown in Table 1- 
1. 

The <comparative example 53> process (2) washed like Example 1 except having used the APM1 
detergent same as a detergent of a process (1) as Example 71, without making a complexing 
agent contain, without carrying out. A result is shown in Table 1-1. 

As a detergent of the <comparative example 4> process (1), the APM1 same detergent as 
Example 1 was used without making a complexing agent contain, the same HPM penetrant 
remover as the comparative example 1 was used as a detergent of a process (2), and it washed 
like Example 1 except having considered it as time to show the degree of solution temperature 
of 60 **, and washing time in Table 1-1. A result is shown in Table 1-1. 
[0073] At <Example 2> process (1), the fluoric acid solution of the fluoric acid content which 
carries out washing time for 60 seconds, and makes the degree of solution temperature 50 **, 
and is shown in Table 1-1 as a detergent at a process (2), and washing time washed like Example 
1 except having performed the degree of solution temperature at the room temperature. A result 
is shown in Table 1-1. 
[0074] 
[Table 1] 
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[0075] At Examples 3-7 and the <comparative example 5 and 6> process (1), what added APM2 
detergent (solution which mixed an ammonia solution, 31-% of the weight hydrogen peroxide 
solution, and water by the capacity factor 1 :2:40 29% of the weight), the complexing agent shown 
in Table 1-2 at this, and the surface-active agent was used as a detergent, and the degree of 
solution temperature was 80 **. pH of the detergent used at the process (1) was about 10.5. 
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And it carried out like the process (1) in an example (1) except having mentioned above. In the 
process (2), the fluoric acid solution of the fluoric acid content shown in Table 1~2 was used as 
a detergent, and it washed like Example 1 except having carried out them as washing time and 
process order were similarly shown in Table 1-2. A result is shown in Table 1-2. 
[0076] 
[Table 2] 
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[0077]As shown in Table 1-1 and 1-2, the process (1) of washing with a complexing agent 
content alkaline detergent, and the process (2) of washing with fluoric acid solution are 
constructed, and in ****** this invention, there is little total metal concentration of a silicon 
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wafer surface clearly, and it turns out that the detergency of metallic contamination is excellent. 
Even if it compares with the cleaning method (RCA washing) which combined HPM washing, APM 
washing, or these which are used from the former, it turns out that the cleaning method of this 
invention is excellent in metallic contamination cleaning performance. 

[0078]In the 6-inch circle on Examples 8-12 and the <comparative example 7> "evaluation of 
particle contamination detergency" board, The silicon wafer to which 1000-3000 SigN^ particles 

(particle) with a particle diameter of 0.13 micrometers or more adhered was washed using the 
single-wafer-processing washing station at two steps of a process (1) as shown in Table 2, and a 
process (2), and particle was washed. At the process (1), it washed using the thing which added 
the complexing agent to APM2 detergent, and also the detergent which added the surface-active 
agent shown in Table 2 to this, and was adjusted to it. The silicon wafer number of rotations in a 
single-wafer-processing washing station was 1000 rpm, the amount of penetrant removers was 
considered as a part for 1-1./, washing time was made into 60 seconds and the degree of 
solution temperature was made into the room temperature, and it washed, performing ultrasonic 
irradiation to a substrate. pH of the detergent used at this process (1) was about 10.3. The 
fluoric acid solution of the fluoric acid content shown in Table 2 was used for the detergent of a 
process (2). The silicon wafer number of rotations in a single-wafer-processing washing station 
was 1000 rpm, the amount of penetrant removers was considered as a part for 1-1./, washing 
time was carried out as it was shown in Table 2, and the degree of solution temperature was 
performed at the room temperature. And it was carried out as an order of the process (1) and 
the process (2) was shown in Table 2. From the extraction ratio searched for from measurement 
of the number of particle which remains to the washed silicon wafer surface acquired after 
washing, the contamination particle extraction ratio was evaluated in the following five steps. 
That is, not less than 80% of the extraction ratio was made into the removal nature AAA, not 
less than 60%. A and not less than 20% of less than 40% were set to B, and less than 20% was set 
[ less than 80% ] to C for AA and not less than 40% of less than 60%. A result is shown in Table 
2. 

[0079]The same HPM detergent as the comparative example 1 was used as a detergent of the 
<comparative example 8> process (2), and it washed like Example 8 except having considered it 
as time to show the degree of solution temperature in 60 **, and show washing time in Table 2. 
A result is shown in Table 2. 
[0080] 
[Table 3] 
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[0081] As shown in Table 2. as compared with the RCA cleaning method which combined APM 
washing currently used from the former, and HPM washing, it turns out that the cleaning method 
of this invention is clearly excellent in particle contamination cleaning performance. 
[0082]Using Example 13 and the <comparative example 9> "evaluation of the silicon wafer 
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working dimension change after washing" single-wafer-processing washing station, it washed 
using the fluoric acid solution of the fluoric acid content shown in Table 3 to a 4-inch silicon 
wafer with an oxide film, and working dimension change of a silicon wafer was evaluated. 600 rpm 
and a penetrant remover flow were considered as a part for 1-1./, the silicon wafer number of 
rotations in a single-wafer-processing washing station made the degree of solution temperature 
the room temperature, and washing time was carried out as shown in Table 3. The case where 
the etching quantity (etched thickness) of a wafer surface exceeded 10 (A) was made into the 
"defect", and the case below 10 (A) was made into "good." 

(Observation of the silicon wafer surface state after washing) 1 ml of water was dropped at the 
silicon wafer surface after washing, and the surface state was observed. A result is shown in 
Table 3. 
[0083] 
[Table 4] 
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[0084] As shown in Table 3, the formula and tC ' '^^ which consist of the washing time t by the 
fluoric acid content C and this fluoric acid content penetrant remover in this invention which is 
five or less. Etching is clearly good, and also since the silicon wafer surface holds hydrophilic 
nature, an oxide film is not etched too much but it turns out that working dimension change is 
preferred few. In the cleaning method of this invention, compared with the conventional cleaning 
method (comparative example), extremely, both the metallic contamination and particle 
contamination of a substrate face can be removed, in addition it has the outstanding effect that 
there are almost no side effects, such as working dimension change by etching, for a short time 
so that clearly from the above result. 
[0085] 

[Effect of the Invention]When washing semiconductor substrates, such as a silicon wafer which 
is a candidate for washing, according to the cleaning method of this invention, problems, such as 
working dimension change to a substrate, are suppressed very low, and the both sides of the 
metallic contamination and particle contamination of a substrate face can be removed extremely 
effectively in a short time. Therefore, when it uses as surface treatment methods for [ in the 
manufacturing process of a semiconductor device, a display device, etc. ] contamination washing, 
etc., it is dramatically useful industrially. 



[Translation done.] 
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>-7-V7 {/^U>t^7.yi-^ym) [PDTMP] fi:ir(D 

^->73.=i/W@^^ [EDDHA] &t/-^<7)^2ifr ; N, 

N' -if;^ (2-t Kn=¥v'^^^i>/P) 3i^w:/-::;Jr 5 

>-N, N' -rS^if [HBED] f£t'tm'il-\^\ 

[0 0 2 2] ^-ciimmJ:W=<Dm,'^^i^^^i^yiyT?.y 

v^^/H-t Vx:i^iyy:c:^/U^^ [EDDHA] , 
Uyi^T^V-N, N' C (2-fc: Kn:^!--^- 5 

-^^/P:7 3i:=^/t') §^m) [EDDHMA] . 
:^MJT5>'5i^^ [DTPA] , 3z^l/>->?T 5 >'4 
[EDT A] . =.VVx2h])^ i^^^Uly^sy^iisly 
W) [NTPO] . ■fX2\^\y:y'yT%:yy'\-y (^^U' 
V/J^^/l^^'®^) [PDTMP] 

[0 0 2 3] z.Kh<Dmm\t.^m.. *fc(i2ffii^j,±^ 

0 0 0 Ofiip pm. cfT'tjS-l 000 
fi*p pm. 0~2 0 0M*P pm;iiW*LV\ 

[0 0 2 4] f£ismtmfi. m^mm^tixv^i>nm\c 

t5V^T 1 ~i5:T^p pmSScD^ (Fe) (Zn) 
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Fe, Al, Zn^co^JR^|iE^Sr|^*L-t=§-^60-^W 
mi:5ppmSXrti-?>:itiimi^V<. #(C2ppin 

m^\:£m\i^tz(tTji-A y tt^^isjc 
(A- 3) mmmm. m(DmmM 

[0 0 2 5] *|8?q(cfflv^5T/^* yi4?fci^J}c|ljg^ 

j5fej^^J±?g4'»iii^<k**^jS;45 0 . 0 0 1 ~ 5M 
»%. iif4L<(iO. 01~1 S»%w«^|g|l(^7^£5 

[0 0 2 6] *fc*«BJ{c:fflv^5T/i^;^7 ytt?5fe?f^J(c 

T'fflv^Ttfi;v^t. mmo 2m&k±.^m'S.m.^^t>^x 

40 [0 0 2 7] T~:ty^^mfS^Mt LX\t. ^ iV^^V 

7=;t>-m#ffiStt^J<!; LT(±. *°y;c^u>' 

::^;^-v^#Sg1±?fiJw4'-t1i;^/i-5j^i/^M (-SO3- 
S?r*-t-5) . (-OSO3-) tm-^ 

LV\ Afr6^}Ctt-S03 -S4fc(4-OS03-«S-^> 
<bt loW-r?)fk-a-i^;4W*L<. Z.iihXi'mkX 
ffifflbXt. 2a«±S:agl:|a;^-g-^p-|J:-CfflV>Tt> J: 
50 V\ 



(6) 
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[0 0 2 8] -S03-£^*1-5#ffiStt^Ji: LT 
T/i^^/i^y^/\-yr^:^m^i\::^^tLX{i. ^S: (i) t?* 

[0 0 2 9] 

litl] 

RS03X --'^ (1) 

{^^. RfiT/l/^/WS. »*L<(i^*ic8~2 oco 

^m^^-To ) 

URXJ^^(D&. S02HRU^(D^. Cio H21 S 

02HRX^^(D^, Cn H23 SO3H:S:0^^-€:(7)ig, C12 H 
25 S03HS.t/^(^*S. Ci3 H27 S03HRn^(Dm.. C 
14 H29 SOzHRU'^om,. Cis Hsi S03H5:tJ^^<^ 
ig. C16 H33 S03H&U^-^(D4g. Ci7 H35 SO^HRU 



[0 0 3 0] (2)T/U-=3r/l'^Vif >';^/U*:>^3^'fl:-^!|^ 

(2) vm^n^it^m^mifhiti^. 

[0 0 3 1] 
lit 2] 

R-ph-SOsX -S; (2) 

(^'P. RliTJU^/um. $f*L<(ij^*S8~2 Oro 

10 p h(17;c::^l/>S^:T5;-t-<, ) 

(3) T'*$n5^b^i^;6S^lf feix-S. 
[0 0 3 2] 

lit 3] 

•••^ (3) 



[0 0 3 3] R . R fi^ nmr/v-^/v-s. 

$?^t<{tK*^i~i ooT/w^^wS. xflTk*. 

^flO~A<Dim.^^-f. EL, l^m+n^7, 
L<{il ^m+n^4-efo5. ) 

RCON (CH3) CHzCHsSOsX 
RJi^-fbTK^S, ^f*L< flC.H2»*i , C„H 

2„-, . C„H2n-3 ^fc(iC„H2.-5 <7)«S?P ' ^tSfPCO^-(t: 

?r*i-„ ntt. ii^8~2 0, ^?*L<«1 3~1 7(D 

ti-i*m.^<Dm^mMmr^^imA^h^. ) 

I? y ymmit-k^t Lxam^itcn co 

N (CH3) CH2 CH2 SO,HRXJ^^<DMs Ci3 H27 C 
ON (CH3) CH2 CHj S03HS.t/-?:(75:^. Cis Hsi 
CON (CH3) CH2 CH2 S03HS.tl^^<7?4^s C,7 H 40 
35 CON (CH3) CH2CH2 SO,HRXf^(DS.. C.7 ★ 

R-p h (SO3 X) -O-p h 
(^t^. Rf4T;W=^/ua. iISL<(4^«»8~2 0(75 

p h{i7;n::^^>'SSr:^i-. ) 

R-0-CO-CH2- (R-0-C0-) CH-SO3X 

[0 0 4 0] {^'P^ Rit:^m^fzitTjU^/um. Hf^ 50 L<fij^*^4 



[0 0 3 4] ®^ =f-;\^<^ y y^^-fb-^!^ 

^-gf^^H-^i^i: L-C«, (4) T'«$ 

[0 0 3 5] 
[^b4j 

(4) 

★ H33 CON (CH3) CH2 CH2 so3HJlo«-t(^il;, c 

,7 H3, CON (CH3) CH2 CH2 S03HS.tF*»:^> 
Ci7 H29 CON (CH3) CHiCUzSO^HRWom. 

[0 0 3 6] ®T7W=5f/Wv'7i— yU'^i— r/Uv^:^/!^/!^^ 

mmt^m 



-Cf4. (5) -t?*$n5{k 
[0 0 3 7] 
lit 5] 



-SO3X --^ (5) 

[0 0 3 8] ®;^/W7}^3^Ni^i?v^3i;^7^/U-^{b-^i^ 
;;^.y^;J^=I/^J!r^i^al;;<.■7^/^^^|i-g-^i: LTI4, Hk^ 
(6) T^^nS^k^ifeii^^tf ^tt^o 
[0 0 3 9] 
[ft 6] 

■A (6) 



11 



RCH=CH (CH2) .SO3X 
RCH2 CH (OH) (CHj) „ 

mfi 1 ~ 1 0 (D^^^TT^-ta n (i 1 ~ 1 0 «Sic 

^/T^-r„ ) 
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(7) X'^^iflMt-^mt'^^ (8) 
[0 0 4 1] 

(7) 

SO3X ••^ (8) 



20 



[0 0 4 2] ®±ia®~®-CvT^$n5^B&l4^JOT/l' 

[0 0 4 31 -OS03-»^^i-5#Bffitt^Jt UT ^ 

RO (CH2CH2O) , SO3X 
R«T/W:aryu£s L< lij^*|^8 ~ 2 0 W ★^^t-^ 

10. L-<{-±2~4wSi:tr*-rc ) 



10 T/l'^/l'mM^^T/l-mt'^^tLXlt. Hk^ (9) -t? 

[0 0 4 4] 
[^b8l 

ROSO3X (9) 

^^ffl^^-Tc ) 

[0 0 4 5] ©T/w-^/w^— x/i'?)itge::t;=5.x/u-^'ft:-g-ti 
(10) -es^ns^k-a-ti^i^^if fcixSo 

[0 0 4 6] 

[^k9l 

■•■^ (1 0) 



r/l'^/l^:r.~T^l'^^:^:^T;l'Wiit^^tLXit. 30 
[0 0 4 7] ®7'yw^/w7a.-;Ui— r/^{iit^3:;^r/i^* 

R-ph-O- (CHaCHsO) . 

i^'P. R{4T/V^/PS. 0*L<(4;^*#:8~2 0(73 

1 0. ^4L<(4 2~4(DS^4r*i-„ ph«7:t-U- 

r^y -yrnxm^^Mzy -ym^^mm^Mc -0SO3 
y\z.^^x\,ws.^(Dx-m^\tm^fi\^t^. pHi 0 

~ 1 2 - S O3 -S^#-r ^#ffi?Stt^JW:&;65ift 
[0 0 4 9] J =-irV^Wm^'^nn^X\t. if^^)^^ 

UV^'y m-yl-St \^X\iif-^)-^^'y::^'^Vyr!V^!V 



[0 0 4 8] 

Uti 0] 



SO3 X 



(1 1) 

• /Ky ;f ^->:/n ei/i/ . :^AKy-7-, /Ky:t^ 

^y:x,=f-w . :^]}:t^i^:/=^uyy'ny9:t^V-r-f£if 

i^mifhti^. M&T/i^='-/i^mtLx\t^v±v ym 

jKy :f ^v/7°n t'l/i/ • 7'P 5/^';^y -r-, 7Ky:t^-> 
aif^l/y . d^y :^:Js^v^7'"^U->'7~n s/i5'/Ky-v-;:cifd5 

[0 0 5 0] Tjc^BJtdfflV^ST/l'* yttj5fe»^SlJ4'©#ffi 

ffittS<^iiS(4. ?5fe?f^JlC^LTa^0. 0 0 0 1- 
0. 5fi*%, $f4t<(40. 0 0 0 3-0. lfifi% 



13 

-So 

[0 0 5 1] *^?^^cffl^^sT/^;^7 y ■tti5feif-^J---'i3sJn-t 

[0 0 5 2] *lls^^cffll^ST/^;&y^4gfe?f^^|{c^3^^T 
(-<>-y h y T y'-zi'. 3 -T 5 / h y Ty-zi-. n 

(R) 3 (R(±j^S|5:i~4(7)TyW^yI^S) . N (RO 
H) 3 (R^i^*iCl~4WT/^^/^^) . l^/l/T. 

:^f;uTm) . 7K?ttt/}^y (/if y ni^ix^-^'y 3- 
ffc-a-ti (ROH (R{4^?g|^i~4(r)T;u=ar;i'») ) ^j: 

[0 0 5 3] (A- 4 ) T/l':^; y tt^^^-^JcT^^jK 30 
[0 0 5 4] (A- 5) T/W* yi4)5fe}f^j(^pH 40 

*ytt^5>t^^t:SiJ^(^ft&o^AoiSriJ{ci5J;5^^ 9i^i± 

a^pH9~l 2, #(CpH9. 5~11. SXh^^ 
T\ <Kr^OpH!i®SiJSrfflV^T'bJ:l/\ pH;6SS-r^~-r 

»«*ffi;i5^s'^>;/('J;'J«^i-5/fell^tt;55Ji 50 
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-To 

[0 0 5 5] (B) XS (2) X(Dyym.\^^^'^^ 

m\^x^^<D^mTxmmMm^'Stw-t^TMxh 

5o l¥L<(4. yy^m^^^C mm%) t^O. 0 3~ 

3fii:%-efe5?*#^j*fflv\ mmm\\c^^mm(D^ 

W^Wi t (#) 4 5 #£iT-e$) . 1.0 C i t 0 . 

2 5^ tc"' ^5(Dmm^h^:Lt^mmt-t^m, 

WJMXh^. 

[0 0 5 6] (B- 1) Xe (2) T*(D t C"' (CoV^ 

T 

*||0J(^4ott5X@ (2) (4. ^5fe^^J^«7->S?-^W* 
C («»%) tgfe#B#rBlt (#) 0. 2 5^ 

a^y'J-l^'^m(Dmi^\Zii^XlBJL-^m^i\Ls i^v^^m 
^_^_^) /iif-©PB^H;iS;tC5„ -liXyymt^m 

[0 0 5 7] ^Wn^h\^. 5txlLfcXg (1) (DTjV 

^ V mc^mz-i^^mwrMh%m^io^iy ym^^ 
mwmzi.hmwTM\z^\^xmMMP!^fc. ^<di^ 
m^<r>y y^m^^mc «»%) t#^rosfe?fNFrBi 

t (#) <^fiBiJlda^-f-5rtic*Dx.. ::(OC^:t(^i^ 
0. 2 5^tc"' ^bxm^fi^ 

(4. 0. 2 5~5. ^4 L< (4 0. 4~4, $ 
[0 0 5 8] (B-2) yyJSk^mt: 

(cffl V ^ 5 7 s' m^^m^M ^<^y ym<D^^m c 

(*4%) (4. a^O. 0 3~3fi»%. ^?SL<I4 
0. 1~1*»%. #tc:^*L<J4 0. 2~0. 8M» 

%T*55» y ym<D^mmt^'pt£-r^^ t^mnvk<r>m 

:^yJ-y^W^~'&\%iky\z.umir^ r 

[0 0 5 9] (B-3) TM (2) X<D^W^fi\ 
*^0J©xe (2) (::*5(tS?5feitB#rBl. o4i9 7y^-^ 



15 

^mtz-^i-£. wmi^ny ym^^mc «»%) ic^ 

10 0 6 0] (B-4) 7 5/^^>frgfei#-^JC0^i^ 
[0061] (B-5)7 ~;/^-g-*-i^#^J--0^*D#3^ 

g (1) (^T/i';57yttj^»^^JJcfflv^6)H5J;5^£#S?§ 

tt^j ; s!t^. mm. mm^£t'<Dm ry^^rf^ 
f£ }f(Dmm\ ; mmmn^mt^m ( 2 - ^ /w^; ^ h ^ 

^14^ y^'— (:^y3i^uy^y ^yt-cn/wr 

[0 0 6 2] }M<D^Wn\m\^^mWm {T)V1J 
V\ 50 
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[0 0 6 3] (C) XS (1) <kXS (2) (Offl^-g-i? 
It 

isiicoxm (1) txe (2) >i-k^t^im'^(o'm->s 

feic*Jl/^TIl. XS (1) IrfTofcmtcXg (2) 
W-rntfJ;v\ Xg (1) <7DT7U;<7 yttgfejf-^JtiH^k^J 

[0 0 6 4] t1tJM (1) (7)^lCX@ (2) ^no^ 

^(ix@ (2) -ei^*^^-efe-5c iSi. x@ (1) tx 
a (2) wrsit'ij, te(7)S«i5fe»^xs^tToT'bJ;<'\ 

[0 0 6 5] (D) ^ro{lili5fe#*i4= 

LTffo-CbiV^ Xg (1) t7)T/U;& y ttgfe^^Jliii 
^?a~9 O'CcOilH-C'fflV^t.flSo SfcXg (2) 

(D7 ym^^^^Mitm^. ^s-x-fn^/^hti^tK 40 
■cms* -ejpta LT J; V \ mm^isMi^^-r^^ ^t-y 

[0 0 6 6] *fc?5fe?fK©^ic«. mmt)iizx^mw:)f 

(c. fia!i-5tSc*5t)5feifgS^fflv^-CXg (1) <Z)TyP 
[0 0 6 7] (E) )5fe#iStt^ 



(10) 
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[0 0 6 8] (F) gfe#^^(D»fe^ 
'^mm^<Dmt\.Xi-t. Si. Ge (yyU-v':::^'? 

A) . GaAs {:>fu<yj^^m) fj:t'<D^mmm ; s 20 

i O2 s Miti^V hydrogen silsesquioxane (HS 

-'i'A/i^-) , (B a. S r) T i O3 (B ST) s 

. Cu («^) . Cr (j^nA) , Co (3/^ 
/Ph) . Mo (^y^x^') . Ru (/W7'^ij7A) , A 

u (^) . P t . Ag m) . Al (T/V-?::^ 

{t:^^^5*(f fettSo 30 
[0 0 6 9] ^-Q%i'y^)^Vtii}i(D^m.^PsP!, miti^ 

[0 0 7 0] 

>-^v-y #Ji-(';e-v (Fe, AK C 

u. Zn) Sr#*LfcAPMi5fe#^JlC^^tbfc„ ^<^)A 

PMj^^-Sijii. 2 gairof^T^-^-TTks 3lfi»% 

cDii^ibTK^TK. ST^tR^. : 1 : 5(Dm'tX' 

et:20ppb. Al^rlppb. Cu^'lppm, ^ 
LTZn^2 0 0 p p b ^^•fS^S't' :t^-^^A PM 
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fCo :i(Dv^y =i>''>i-/^±{Cfc5&S (Fe. Al, 

cu, Zn) (o^wis mPk^ntz^yv^y^z^-^^R 

<y^-y^mmK. o. im»%(^75/Kt i 
m*% »jig?^b7K^ ^^tf ^^fi* $ -^-c igiix L 
^Lxmm^^-^^y^^mm^mi^ (icp-m 

(atoms/cm') (C^^L. ^W^^tLfc, m 

h^m(Dm^^±X'^i\-\^tcmi: f±±mm^ (atoms/ 
cm') J tLfco ?^^$ttfc->y 3y^'^-/^e755^■«f^^ 

HSr* 1 - 1 . t3 ir/* 1 - 2 (d^-fo 
[0 0 7 1] <^JteFil 1 > 

Ts «l-llC^-rXS (1) . (2) <D2:7.y'y 

■:fm»ijmKi.^ ^mumm^^n^fzo xs (d t 

XS (2) 0)li#lcoV^T'bS1'fc|S«LfCo t-TfeJ^ 

xg (1) (Dmcxm (2) <^fT5*&«r, ri^ 

@ (1) -ettAPMl?5fe#-^) (2 9mi:%Ty^=T* 
<b 3 lM*%iiKfb7k*7Ki7K^^*Jtl : 2 : 8 OT- 

rf^J^IiSLfcfccD^^fflLfc. ::^xbx@ (i) 

xmF^-t^m^M(Dpmt. mi oxh^tzo ^mi^^ 

jfi^fi I- *5 It ?)i^y 0 0 0 r p 

m. mmmm\ii y h/i^/^j-i ac^^^Ktis o 

#\ ?maSil8 0°Ci: Lfco X@ (2) X\t. ftl-1 

)5feitSfi(-*5lt5->y =^>'^'^-^^(Hlfe^tt6 0 0 r p 
m. l5fe#;K^i£l:{± 1 y y h/V-Z^t « 1 - 1 lC;^-r 

[0 0 7 2] <itg5««Jl. 2>X@ (1) mxt>-f. * 
fcXm (2) iZJgfei^^Jt LTHPMgfe^lPJ (3 5fi»% 

3 1 fiayoji^^tiTk**. s.t>'**^*Jti : 

1 : % QXmk\^tz.imm ^ffifflt, ?gS^Sr6 0 

0ij 1 i: Il«{cj5fert^^f ofco ISm** 1 - 1 tc^-fo 
<itK0ij5 3>XS (2) (Iff^^-fSC, 4fcXS (1) 
<7)i5fej|H^Ji L-C*Ji#ij7 1 tPl^roAPMlScjfSlJSrll 

gfeil^^ffofco ^m^^ 1 - 1 (-^1-0 
<H:t!5«3J4>xm (1) wgfejf^Jt LT^Jfe^Ji 
(DAPMlgferf^J^it^b^J^^-a^^-frTtc-SfflL, xa 
(2) O^^Ji: LTifctJ^Wl tlRl^ifeHPM?*?^^?: 
fiffl L. VgSS6 0°C. mW^Wi^^ 1 - 1 (d^1-B#W 

* 1 - 1 (d^T^-To 

[0 0 7 3] <^s6^j2>x@ (1) xmim^"^^^ 



(11) 
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ofx m^&t5o°ctL. itznu (2) vitmrni 

[0 0 7 4] 

(«1] 



10 



20 



30 



40 



20 



o 

o 



H 



It"- 
o 



A3 

i 



46 



H 



10 0 7 5] <|li(l^j3~7. JtigS^BIS. 6 >I@ 

(1) -e(±gfe?^»J<!r LTAPM2j5fe^f^J (2 9M»%T 
^-^^TTki 3 lli»%ii^{k:***t7R^^*ltl : 
2 : 4 O-CiS-^Lfc*!^?^) -^s ^ixtc* 1 - 2 (r^-f 

50 mm'^w^mm\^Mx.tz.h<D^^m\^. mm^s 
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o°c{cL.tZo xg (1) -efflv^fci5fe#^Jc>pHfi. 

0. ^LTWi^Lfca^l^ti. HJI^J (1) 

-ei^xs (1) iPiii{cffofco (2) Tit. 

it, S^Sr* 1 - 2 iCi^-To 

[0 0 7 6] 
1*2] 

10 
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[0077] *1-1. RXJ^mi-2\C7jk\^tzi.0\C. 

(1) yymi^mm\zii^m^^nbTM (2) i 



23 

10 0 7 8] <IIJS« 8-12. tfcg^M 7 > 

Rrt(-. ^SO. 1 3 Aimli!.±(DS iaNiS^- (/■^"-X 
^i^/l-) 1000-3000 fif+^ Vtzi^V ='>'>:^ 

m (1) > X@ (2) (D2XX5/7°-egfe#-L. /n'-X^ 

i?yK0)5fe#^fTofc„ (1) -t:-^4APM2gfe#^S^]^C 
ig^L^J x: fc J5 (c ti.(cS 2 (ei^-T #Bffitt 

^?5fe^^e(C*5(t?)V'y 3>'"5':nWNlDlteic{4 10 0 0 

0^. m\^m-tm.uti.. mmz-^\^xmwW'MMi 

^^OOgfe^|^Lfc„ SfC. CWXg (l) "effiV^fcgfe^^J 

copHfi. *^io. s-efeofc XS (2) (D'^WM^^ 

(4. a2[:i:^-r7y^^>t*(7)7 5/®?7k!§?S?rffifflL 20 

1 0 0 0 r p m. gfe^ffiiti 1 y y hyl-/^ t )5fc# 
NFra{4«2lc^-t-iii9 i:L, ?^i&^HSi&-etf ofc„ ^ 
LTXS (1) tTM (2) ©|llff:«r. *2(C^-rai9 

5fe* 8 0 %a±Srl»*14A AA 6 0 %Ji^± 8 0 % 
*-S^AA. 4 0%iy,±6 0%*li^A. 20%U±4 
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